Effect of cooling and warming rate on glycerolized rabbit kidneys.
Cooling and warming rates are known to be important determinants of viability for cryopreserved cells, but optimal rates have not previously been determined for any whole organ. In this study, rabbit kidneys, permeated with 2 M glycerol were cooled to -80 degrees C at four rates varying from 1 degrees C/hr to 3.1 degrees C/min and then rewarmed at four rates from 1 degrees C/hr to 4.2 degrees C/min, giving 16 experimental treatments. After gradual deglycerolization at 10 degrees C, each kidney was autografted and observed for 30 min. Assessment was by measurement of vascular resistance, immediate post-thaw lactate dehydrogenase (LDH) release, gross appearance, light- and electron microscopy, and tissue K+/Na+ ratio 30 min after transplantation. The best results were obtained after cooling at 1 degrees C/hr; warming rate had little apparent influence on the criteria used to assess function with the exception of LDH release, which indicated a preferred warming rate around 1 degrees C/min. Histological studies revealed extensive vascular damage, notably to the glomerular capillaries, that was minimized by very slow cooling. Freeze substitution, carried out on samples removed at -80 degrees C, demonstrated extensive ice formation in the interstitial space and, at the faster cooling rates, in the glomerular capillaries. Intracapillary ice formation was reduced in the kidneys cooled at 1 degrees C/hr.